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314Objective:Hybrid thoracic endovascular aortic repair (TEVAR) has expanded the surgical management of com-
plex thoracic aneurysms. Aortic arch debranching generally requires a sternotomy. We describe our experience
performing a right anterior minithoracotomy for hybrid TEVAR.
Method: During a 3-year period, 7 patients (aged 76  15 years; 57% were male) with aortic arch aneurysms
underwent hybrid TEVAR via a right anterior minithoracotomy. Of all with prior thoracic or abdominal aortic
surgery, 4 had a prior sternotomy. All patients included in this series had an American Society of Anesthesiology
score of 4 or greater.
Results: Repairs were performed via a 5-cm incision at the third to fourth intercostal space to access the ascend-
ing arch. A Satinsky clamp on the ascending aorta facilitated bypass with the 10-mm arm of a bifurcated 10/12-
mm graft to the innominate artery or right common carotid artery (12-mm arm: endoprosthesis conduit). The
remaining arch vessels were bypassed as needed; subsequently, a thoracic stent graft was deployed by the
12- or 14-mm arm. Primary technical success was 86% (6 patients); 1 patient required conversion to sternotomy
secondary to bleeding. Complications included cerebrovascular accident in 2 patients (28%) and respiratory
failure in 2 patients (28%). The average length of stay was 12 days with nowound infection. One death occurred
during the 30-day period.
Conclusions: Right anterior minithoracotomy is a compelling, less invasive technique for hybrid TEVAR.
Further experience will be necessary to completely evaluate the merits of this approach. (J Thorac Cardiovasc
Surg 2011;142:314-8)With the advent and development of minimally invasive
techniques, more thoracic and thoracoabdominal aortic an-
eurysms are being treated with thoracic endovascular aortic
repair (TEVAR) to decrease the morbidity and mortality as-
sociated with open surgery. In the case of endovascular
abdominal aortic aneurysm repair (EVAR), recent data
from the United Kingdom EVAR trial investigators1 con-
cluded that EVAR provides early benefit with respect to
aneurysm-related mortality; however, no differences have
been seen in total mortality or aneurysm-related complica-
tions in the long term. EVAR in their study was more costly
and associated with increased rates of graft-related compli-
cations and reinterventions. One of the limitations of
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The Journal of Thoracic and Cardiovascular Surginvolve the aortic arch, which would occlude the brachioce-
phalic vessel or carotid arteries and make them unsuitable
for endovascular treatment.2 An alternative approach for
treating complex aortic arch thoracic pathology is the
‘‘hybrid’’ TEVAR, which combines aortic arch vessel de-
branching with concomitant antegrade endovascular stent
graft in a 1-stage procedure.3-5 The principal advantage of
the hybrid procedure is to eliminate the need for aortic
clamping and its consequence of increased morbidity
and mortality. The avoidance of aortic crossclamping
decreases the risk of ischemic complications.6
Even when using the hybrid TEVAR, a midline sternot-
omy is usually required in the debranching of the great ves-
sels of the aorta.5 Despite the initial decreased 30-day
morbidity and mortality associated with the hybrid proce-
dure compared with the open procedure, the midline ster-
notomy necessary to perform the debranching introduces
its own risks. The rate of mediastinitis after any procedure
involving a midline sternotomy is 1% to 4%.7 In an effort
to avoid sternotomies, especially in high-risk patients and
those with prior cardiac surgery, we developed the right an-
terior minithoracotomy (RAM) approach, which was previ-
ously described by our group.8 The use of RAM for other
cardiac procedures (eg, mitral valve repair) has demon-
strated that direct visualization with a transthoracic clamp
technique is reproducible with low mortality and morbidity
rates, with results comparable to midterm outcomes of theery c August 2011
Abbreviations and Acronyms
EVAR ¼ endovascular abdominal aortic
aneurysm repair
RAM ¼ right anterior minithoracotomy
TEVAR ¼ thoracic endovascular aortic repair
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larly useful in patients who are not medically stable enough
for a midline sternotomy or who have undergone prior car-
diac surgery. With the use of RAM, repair of an aortic aneu-
rysm involving the arch can become a truly minimally
invasive procedure. We describe our initial experience per-
forming this technique.MATERIALS AND METHODS
Patient Selection and Surgical Technique
All patients selected for this procedure had a thoracic aortic aneurysm
that was evident on computed tomography scans. Indications for interven-
tion were based on the presence of symptoms or the aneurysm size (>6 cm)
in the aortic arch extending to a proximal location requiring endograft
placement in landing zone 0 with debranching of the supraaortic trunks.
These patients had to have a healthy ascending aorta to facilitate branch
grafting; however, a prior ascending aortic repair with a Dacron graft
was not a contraindication, providing a secure partial clamping in 3 pa-
tients. All patients were not suitable for conventional open surgical repair
because of severe preoperative comorbidities, low physiologic reserve, or
advanced age. All repairs were performed via a 5-cm incision at the third
to fourth intercostal space to access the ascending arch. A back table ex
vivo 10/12-mmbifurcated Hemashield Dacron graft was created. After par-
tial heparinization, a partial occluding clamp was used on the ascending
aorta; the 10-mm arm of the bifurcated 10/12 mm graft was tunneled to
the neck and anastomosed to the innominate artery or the right common ca-
rotid via a separate neck incision. The remaining arch vessels were by-
passed through the right common carotid artery to the left common
carotid artery and left carotid-subclavian bypasses with 8-mm Dacron
grafts. The innominate and left common carotid arteries were ligated,
and the left subclavian artery was coiled at the aortic origin to avoid type
2 endoleaks. An antegrade stenting of the aortic arch was performed
through the RAM via the remaining 12- or 14-mm limb of the aorto-
innominate or aorto-carotid graft (Figure 1, A, B). We routinely use trans-
cranial Doppler monitoring in all thoracic endografting procedures.RESULTS
Seven patients (aged 76  15 years; 57% were male)
with thoracic aortic aneurysms underwent hybrid TEVARs
via RAM, all with prior thoracic or abdominal aortic sur-
gery and coronary artery disease. These patients had an
American Society of Anesthesiology score of 4 or greater.
Primary technical success was 86% (6/7 patients); 1 patient
required conversion to sternotomy secondary to uncontrol-
lable bleeding. Complications included cerebrovascular ac-
cident in 2 patients (28%) and respiratory failure in 2
patients (28%). The average length of stay was 12 days
with no wound infection. One death occurred during the
30-day mortality (14%). The rest of the patients recoveredThe Journal of Thoracic and Cawithout major complications. Table 1 summarizes the pa-
tient demographics and clinical features.
DISCUSSION
Although comparisons of endovascular versus open tho-
racic aortic aneurysm repair with a 5-year follow-up have
validated the role of TEVAR,10 endovascular treatment has
specific anatomic limitations. Proximal landing zone anat-
omy can be overcome by debranching the aortic arch to ac-
complish a hybrid aortic repair. Milewski and colleagues4
recently reported a retrospective comparative analysis of hy-
brid arch procedures versus open reconstructions. They sug-
gested that the hybrid approach has a lower mortality for
high-risk patients aged more than 75 years. This extends
the indication for a hybrid approach in patients previously
considered prohibited for conventional open arch repair.
This article presents our early experience with a viable
alternative to midline sternotomy for access to the aortic
arch vessels: RAM. This was a select group of patients.
Our criteria were based on comorbidities, smoking history,
advanced age, need for supraaortic trunk debranching, as
well as quality of the ascending aorta and adequate proximal
landing zones for stent-graft deployment (Figure 2, A, B).
RAM facilitates the treatment of patients in whom a sternot-
omy is contraindicated, such as high-risk patients and pa-
tients with prior mediastinal radiation, prior sternal wound
infection, previous bypass grafts at risk, and mediastinal
structures adherent to the posterior sternum, especially with
the presence of large aneurysms.11,12 In this series, 4
patients had a previous sternotomy for prior coronary artery
revascularization (1 patient) and 3 patients had ascending
aorta replacement. Although the ascending aorta was more
difficult to expose in these patients, the ascending aorta
grafts provided secure clamping in our 3 cases. An
algorithm to assist in decision-making is shown in Figure 3.
The possible benefits of RAM include decreased postop-
erative pain, maintenance of sternal stability with decreased
infection, decreased length of stay, decreased postoperative
pulmonary complications, fewer transfusions, and im-
proved cosmetic results.
Although RAM provides adequate exposure to visualize
and control the ascending aorta and proximal aortic
branches, it remains inferior to sternotomy in overall expo-
sure of the heart and major vascular structures. This was
demonstrated in the patient who died, in whom uncontrolled
bleeding required emergency sternotomy for intraoperative
control. Although anterior thoracotomy is thought to be less
invasive than a median sternotomy, the incidence of wound
complications, such as incisional hernia, dehiscence, se-
roma formation, and infection, with an anterior thoracot-
omy incision for minimally invasive direct coronary
artery bypass has been reported to be significant by
Ng et al13 (9% vs 1% with median sternotomy). Previous
right thoracotomy and severe pulmonary disease andrdiovascular Surgery c Volume 142, Number 2 315
FIGURE 1. A, Schematic drawing of the procedure. A 5-cm incision at the third intercostal space to access the ascending arch. A partial occluding clamp is
used on the ascending aorta to attach the 10-mm arm of the bifurcated 10/12-mm graft to the right common carotid artery (RCCA). The remaining arch
vessels are bypassed through the RCCA-left common carotid artery (LCCA) and left subclavian artery bypass graft (BPG). Antegrade stenting of the aortic
arch is carried out through the RAM via the remaining 12-mm limb. B, Intraoperative angiogram in a patient with prior sternotomy showing the ascending
aorta to RCCA BPG (black arrow), RCCA-LCCA BPG (white arrow), and stent graft deployment via a 12-mm limb (hollow arrow) through the anterior
minithoracotomy and complete exclusion of the aneurysmal sac. LSA, Left subclavian artery; Asc Ao, ascending aorta.
TABLE 1. Patients’ demographics and clinical aspects
Patient
No. Age/sex
Medical and
surgical history
Clinical presentation
TAA size
Prior
sternotomy
Case
urgency Bypass
Early/late
complication
1 91 y/M CAD, s/p PCI, HTN
BPH, s/p AAA repair
TAA 6.2-cm,
asymptomatic
No Elective Ascending aorta-RCCA,
RCCA-LCCA, LCCA-LSA
Postoperative DVT,
full recovery
2 81 y/M HTN, CAD, CVA,
CKD, s/p CABG
TAA 9 cm,
symptomatic
Yes Urgent Ascending aorta-innominate
artery,
RCCA-LCCA, LCCA-LSA
Respiratory failure
CVA
3 66 y/M CAD, HTN, TIA type
A aortic dissection,
s/p replacement
TAA 5.9 cm,
symptomatic
Yes Urgent Ascending aorta-innominate
artery,
RCCA-LCCA, LCCA-LSA
None, uneventful
recovery
4 70 y/F DM2, COPD, CAD,
ascending aortic
aneurysm s/p
replacement
TAA 8 cm,
symptomatic
Yes Urgent Ascending aorta-RCCA,
RCCA-LCCA, LCCA-LSA
None, uneventful
recovery
5 83 y/F HTN, COPD, PAD, s/p
aorto-bifemoral BPG
TAA 6.1 cm
Symptomatic
No Urgent Ascending aorta-innominate
artery,
RCCA-LCCA, LCCA-LSA
Type I endoleak,
stent-graft
extension
6 65 y/F HTN, CAD, CKD,
s/p TAAA repair
TAA 6 cm,
symptomatic,
contained rupture
No Emergency Ascending aorta-RCCA,
RCCA-LCCA, LCCA-LSA
Bleeding required
sternotomy,
respiratory
failure, pneumonia,
CVA, death
7 81 y/M CAD, HTN, ascending
aortic aneurysm
s/p replacement
TAA 6.3 cm,
asymptomatic
Yes Elective Ascending aorta-RCCA,
RCCA-LCCA, LCCA-LSA
None, uneventful
recovery
TAA, Thoracic aortic aneurysm;CCA, common carotid artery; LSA, left subclavian artery; RCCA, right common carotid artery; LCCA, left common carotid artery;CAD, coronary
artery disease; HTN, hypertension; CVA, cerebrovascular accident; COPD, chronic obstructive pulmonary disorder; PAD, pulmonary artery disease; DM2, diabetes mellitus type
2; TIA, transient ischemic attack; CKD, chronic kidney disease; CABG, coronary artery bypass graft; PCI, percutaneous coronary intervention; AAA, abdominal aortic aneurysm;
BPH, benign prostatic hyperplasia; BPG, bypass graft.
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FIGURE 2. A, Computed tomography angiogram. Three-dimensional reconstruction showing a 6.2-cm aortic arch aneurysm in a 91-year-old man with
high risk for open repair. The aneurysm involves the left subclavian artery near the LCCA and innominate artery, and the ascending aorta provides adequate
landing zone for stent-graft deployment and debranching. B, Intraoperative completion angiogram showing the ascending aorta to RCCA BPG (black ar-
row), RCCA-LCCA BPG (white arrow), and stent graft deployment via a 12-mm limb (hollow arrow) through the anterior minithoracotomy and complete
exclusion of the aneurysmal sac.
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the minority of patients requiring single-lung ventilation to
inspect suture lines. The pericardium is less effectively in-
spected and drained during surgery, and drainage may be
impaired in the postoperative period, increasing the risk
of subacute tamponade in the presence of excess postoper-
ative mediastinal drainage, although this did not occur in
our experience.
We expect that continued use of RAM for thoracic aortic
debranching in appropriately selected patients will leadFIGURE 3. Decision-making algorithm for hybrid TEVAR via RAM. TEVAR,
CABG, coronary artery bypass graft.
The Journal of Thoracic and Cato further decreased morbidity. However, the cost-
effectiveness and clinical merit of these advances compared
with those of more conventional approaches remain to be
determined.
Fenestrated and branched endografts are another viable
alternative to median sternotomy for arch debranching,
but they remain technically demanding from both a design
and deployment perspective and are only available in
the United States under a manufacturer or physician-
sponsored investigational study.14Thoracic endovascular aortic repair; RAM, right anterior minithoracotomy;
rdiovascular Surgery c Volume 142, Number 2 317
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RAM is a compelling, less invasive technique for hybrid
TEVAR according to the risk-benefit analysis. Further expe-
riencewill be necessary to completely evaluate the merits of
this approach.
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